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KEY WORDS ABSTRACT

Shyzhy River, Kora This study examines the spatial and seasonal variability of water quality in glacier-fed river
River, Glaciers, Zhetysu systems within the Karatal River basin, located in the north-western sector of the Zhetysu
Alatau (Dzungarian Alatau (Kazakhstan). The investigation focused on the Kora and Shyzhy rivers, which play a

Alatau), glacier

> key role in forming the hydrological regime of the Karatal River. Fieldwork was carried out
degradation, heavy

metals. river runoff in 2025 and included two sampling campaigns (July a_nd September), during which a total of

anthrofoogenic polldtion, 30 water samples were collected from the upper, middle, and lower river reaches. Hydro

Karatal River basin chemical analyses identified the presence of major ions, nutrients, and a range of trace
elements (Pb, Cd, Zn, Cu, Cr, Mn, Sb, Sr, Se, Ni, Al, Mo). The results indicate that water
chemistry in the headwater zones is primarily governed by natural processes, including
lithological weathering, interactions between meltwater and glacial-moraine deposits, and
atmospheric deposition of aerosols onto snow and ice surfaces. Along the downstream
gradient, a dual trend is observed: the reduction of certain constituents due to sorption and
sedimentation, alongside localized increases associated with anthropogenic pressures.
Measured concentrations of chemical constituents remained within the permissible limits
established by the sanitary regulations of the Republic of Kazakhstan. Nevertheless, ongoing
glacier retreat may intensify the mobilization of previously accumulated contaminants during
periods of enhanced ablation. The findings highlight the importance of integrated monitoring
approaches for glacier-fed river systems in order to ensure reliable water quality assessment
and to minimize emerging environmental risks.

1. INTRODUCTION

Mountain glaciers of the Zhetysu (Dzungarian) Alatau constitute a critical component of
the water resources of the Balkhash—Alakol basin and play a fundamental role in regulating the
runoff of the Karatal, Koksu, Lepsy and other tributaries draining into Lake Balkhash. Their
current condition is shaped by both large-scale climatic transformations and regional natural and
anthropogenic influences [1...3].

Systematic glaciological investigations in the region have been conducted since the mid-
twentieth century. According to the Catalogue of Glaciers of the USSR and subsequent studies,
the Karatal River basin contained 356 glaciers in the mid-twentieth century, covering a total area
of approximately 206 km? [4...5]. Further research by Cherkasov, Severskiy, Blagoveshchensky,
Vilesov and other scholars has consistently demonstrated a persistent trend of glacier retreat
across the region [6... 9].
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Remote sensing data indicate that the glaciered area of the north-western Zhetysu Alatau
declined from 215.0 km? in 1956 to 115.0 km? in 2015, while the total number of glaciers
decreased from 356 to 206 [9...10]. These changes are accompanied by reductions in glacier
length and alterations in accumulation and ablation regimes, which in turn exert a significant
influence on river runoff formation [11] (Figure 1).
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Figure 1. Temporal changes in glacier mass and glacierised area in the Karatal
River basin (1956...2015) [9...10]

In addition to climatic drivers, the role of anthropogenic influence is becoming
increasingly significant. Recent studies have documented the accumulation of heavy metals
within components of mountain ecosystems in the Zhetysu Alatau [12...14], indicating that
pollution processes exhibit both regional [3] and transboundary characteristics [15].

At the same time, the spatial variability of the chemical composition of waters formed by
glacier melt and tributary inflows remains insufficiently explored [16]. In particular, the
contribution of anthropogenic factors to water quality across different segments of the river
network has not been comprehensively assessed [17...18].

The aim of the study is to determine the specific features of changes in the chemical
composition and pollution of the Karatal River water under the conditions of glacier retreat in
the Shyzhy and Kora river basins.

2. MATERIALS AND METHODS

The study was conducted in the north-western sector of the Zhetysu (Dzungarian) Alatau
within the Karatal River basin. The research focused on the watercourses of the Kora, Shyzhy
and Karatal rivers, examining their upper, middle and lower reaches, which are largely sustained
by glacier-fed runoff.

The study was based on long-term hydrometeorological records obtained from the
Kosagash, Taubulak, Tekeli and Taldykorgan meteorological stations (RSE “Kazhydromet™), as
well as data from Kazselezashchita, cartographic sources [19...20], and previously published
research on regional glaciation [9].

Field investigations were carried out in 2025 and were supported by both field-based and
laboratory analyses conducted in collaboration with researchers from the Department of Natural
Sciences at Zhetysu University named after I. Zhansugurov and the Institute of High Mountain
Biology of the University of Zilina (Slovakia).

The fieldwork encompassed glacier zones and the upper, middle and lower reaches of the
Kora and Shyzhy rivers, which represent key tributaries of the Karatal River and are fed by
glaciers such as Satpayev, Bessonov, Tronov (Mukan) and Kaskabulak (Figure 2).
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Figure 2. Inspection of the Kaskabulak Glacier at the source of the Kaskabulak
River, a right-bank tributary of the Kora River. Photograph taken by the authors

Water sampling was undertaken during two field campaigns, from 16 to 27 July and from
13 to 22 September 2025. In total, 30 water samples were collected from different segments of
the hydrographic network, including the headwaters, middle and lower reaches of the Kora and
Shyzhy rivers, as well as the upper course of the Karatal River.

Sampling locations were selected with consideration of altitudinal zonation and the
characteristics of glacier-fed runoff formation. Samples were collected at the mouth of the
Kaskabulak River (7.2 km from the glacier terminus, 2450 m a.s.l.), in the middle (2170 m) and
lower (1028 m) reaches of the Kora River, as well as in the upper (2660 m), middle (2358 m)
and lower (1027 m) reaches of the Shyzhy River. Additional sampling was conducted in the
upper reach of the Karatal River (822 m a.s.l.) in the vicinity of Tekeli.

This spatial distribution of sampling sites enabled the assessment of hydrochemical
changes along the flow path from glacier sources to downstream, more urbanised areas.

Water samples were collected in pre-cleaned, chemically resistant glass containers. Prior
to sampling, all containers were rinsed with distilled water and subsequently with the sampled
water. Each sample was labelled with information on location, date and time of collection.

Laboratory analyses were carried out in accredited laboratories of the Department of
Sanitary and Epidemiological Control of the Zhetysu Region. The analytical programme
included the determination of physicochemical, organoleptic and microbiological parameters.
The elemental composition of the samples was analysed using instrumental analytical
techniques.

Water quality assessment was conducted in accordance with the sanitary standards
established by Order No. 26 of the Minister of Health of the Republic of Kazakhstan dated 20
February 2023 [21].

Data processing followed a comparative approach and involved the analysis of spatial
variations in hydrochemical indicators across different river sections, with the obtained values
evaluated against the established regulatory thresholds.

144



Oxikbayev et.al

Hydrometeorology and ecology No3 (123), 2026

3. RESULTS AND DISCUSSION

The Karatal River basin is situated in the north-western part of the Zhetysu (Dzungarian)
Alatau [5] and represents one of the principal centres of contemporary glaciation in the region
[13...14]. River runoff formation in this area is governed by the complex interplay of orographic,
climatic and glaciological factors (Figure 3).
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Figure 3. Map of the Karatal River Basin as a Center of Contemporary Glaciation

The boundaries of the basin are associated with the North-Central ridge of the Zhetysu
Alatau (Zhamankol, Arasan, Koitas) and the chains of the South-Central ridges (Toksanbay,
Satylu, Koyandy-Tau, Altyn-Emel), which are integrated within the Konuroba mountain system.
This orographic configuration determines a pronounced altitudinal zonation, aspect-controlled
differentiation of snow accumulation, and the formation of zones of solid precipitation
accumulation.

According to glaciological studies [9], the extent of contemporary glaciation reaches
approximately 84 km along the North-Central ridge and about 60 km along the South-Central
ridge [22], which is consistent with field observations and the spatial distribution of glacial
landforms in the headwater valleys.

The hydrographic network of the basin is characterised by the interaction of several
subsystems. A key role is played by the right-bank tributaries, the Kora and Shyzhy rivers, which
are fed by numerous glaciers [23]. The confluence of the Kora, Shyzhy and Koksu rivers within
the Taldykorgan intermontane depression leads to the formation of the unified channel of the
Karatal River, ensuring the sustained hydrological functioning of the basin [1].

Morphometric characteristics of the most significant glaciers contributing to runoff
formation are presented in Table 1. The data provided in the table are for informational purposes.

Table 1
Morphometric Characteristics of the largest glaciers in the Karatal River Basin (2013) [2]
. River Basin | Elevation Above Sea Level of the Area, km? Length, km Volume, km?
Glaciers .
lower part of the glacier
Assubay Kora 3250 16.7 8 1.83
Satbayev Kora 3330 13.2 10.9 11
Bessonov Shyzhy 2903 12.6 6 121
Tronov (Mukan) Kora 3500 11.86 54 1.13
Ayussay Shyzhy 3120 11.2 6 1.01
Kazan Koksu 3120 10.9 5.8 0.80
Y.Altynsarin Kora 3450 1.0 1.8 0.9
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Abolina
Kara Aryk
Demikpe

Table 2

Kora
Koksu
Koksu
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3540 1.7 4.7 12
3957 1.24 1.8 0.98
3953 3.62 3.35 1.38

Analysis of the data presented in Table 1, together with long-term hydrological
observations [8], indicates that contemporary glaciation plays [11] a decisive role in regulating
the runoff of the Kora and Shyzhy rivers [20]. The linkage between glacier systems and the
hydrological regime is reflected in the presence of valley glaciers at the river headwaters and in
the pronounced seasonal variability of discharge.

The seasonal pattern of river flow in glacier- and snow-fed systems is characterized by a
distinct peak during the period from May to August. This phase corresponds to intensified
melting of seasonal snow cover and glacier bodies [8], including the Tronov, Bessonov,
Altynsarin, Satpayev and Assubay glaciers, which leads to a marked increase in mean monthly
discharge in the Kora and Shyzhy rivers [23].

Monitoring data from 2022...2025, combined with glaciological information [6], indicate
that during this period the glaciers Tronov, Bessonov, Altynsarin, Demikpe, Kara-Aryk, Kazan,
Satpaev, and Asubai experience the most intensive melting, resulting in an increase in the mean
monthly discharge of the Kora, Shyzhy, and Koksu rivers [20...21].

Thus, the Karatal River basin constitutes a complex natural system in which the formation
of river runoff is governed by the interplay of glacial feeding, orographic conditions, and the
seasonal dynamics of hydrological processes [1...2]. This combination creates the prerequisites
for the spatial differentiation of hydrochemical parameters of water [23].

The results of field expeditions and laboratory investigations have made it possible to
characterize the hydrochemical state of the Kora, Shyzhy, and Karatal rivers, which are formed
under conditions of glacial feeding in the north-western part of the Zhetysu Alatau. It has been
established that the spatial differentiation of the chemical composition of water is determined by
the combined influence of natural factors (glacial alimentation, lithology, and altitudinal
zonation) and anthropogenic impacts, which intensify downstream [12...14].

The results of laboratory analysis of water samples collected in July 2025 are presented
in Table 2.

Results of laboratory analysis of water samples (16...17 July and 25...26 July 2025)

Detected chemical substances, mg/dm?
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Cation
Cu 1.0 0.003 0.001 0.001 0.001 0.002 0.0023 0.21
Pb 0.03 0.005 0.001 0.002 0.001 0.0024 0.0026 0.003
Zn 1.0 0.02 0.03 0.01 0.025 0.01 0.01 0.38
Cr 0.05 0.005 0.001 0.001 0.001 0.001 0.002 0.024
Cd 0.001 0.0006 0.0001 0.0003 0.0001 0.0003 0.0004 0.005
Mn 1.0 0.02 0.01 0.01 0.01 0.01 0.025 0.031
Li 0.1 0.0004 0.0002 0.0001 0.0002 0.0001 0.0002 0.016
Sh 0.05 0.002 0.001 0.002 0.001 0.002 0.002 0.003
Ba 0.1 0.002 0.002 0.001 0.002 0.001 0.002 0.026
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Sr 7.0 1.26 217 2.03 217 2.03 2.05 1.53
Bi 0.1 0.006 0.002 0.003 0.002 0.003 0.005 0.039
Co 0.1 0.005 0.001 0.001 0.001 0.001 0.003 0.002
Na 200 9.26 11.18 10.1 11.18 10.1 104 14.33
As 0.05 0.004 0.002 - 0.002 0.004 0.006 0.003
Se 0.01 0.001 0.002 0.002 0.002 0.002 0.002 0.005
Ni 0.1 0.002 0.001 0.001 0.001 0.001 0.002 0.001
Al 0.5 0.003 0.001 0.002 0.001 0.002 0.004 0.003
Mo 0.25 0.003 0.001 0.001 0.001 0.001 0.002 0.005
Anion
Chlorides 350 37.2 34.9 37.2 35.0 36.3 37.3 374
Sulfates 500 44.0 4411 44.0 50.2 44.0 443 42.03
Ammonia 2.0 0.01 0.08 0.1 0.07 0.07 0.09 0.06
Nitrates 3.3 0.018 0.024 0.01 0.031 0.028 0.032 0.018
Nitrites 45.0 0.03 0.09 1.23 0.006 0.032 0.053 1.022
pH 7.5 1.7 7.8 7.4 7.5 1.7 7.8
COoD 15...30 174 17.8 18.0 15.3 174 17.9 17.4
During the summer period, characterized by the maximum intensity of glacial feeding
[16], the hydrochemical regime of the studied rivers is distinguished by relative stability [23].
The reaction of the aquatic environment at all observation sites falls within neutral to slightly
alkaline values (pH 7.4...7.8), indicating a balanced acid—base state. Chemical oxygen demand
values range from 15.3 to 18.0 mg/dm?, reflecting a moderate content of organic matter.
The ionic composition of the water is predominantly of the sulphate—chloride type [16].
Sulphate concentrations range from 44.0 to 50.2 mg/dm?, while chloride concentrations vary
between 34.9 and 37.4 mg/dm®. Sodium content ranges from 9.26 to 14.33 mg/dm*® and
demonstrates an increasing trend downstream, which is attributable to both lithogenic processes
and anthropogenic influences [23].
Concentrations of heavy metals and trace elements generally do not exceed the maximum
permissible limits [24]; however, they exhibit pronounced spatial heterogeneity [12...14].
Minimal values are recorded in the upper reaches of the rivers (Cu 0.001...0.003 mg/dm?; Zn
0.01...0.02 mg/dm?), whereas an increase is observed in the lower reaches, particularly in the
Karatal River. The most significant rise is noted for copper (up to 0.21 mg/dm?) and zinc (up to
0.38 mg/dm?), indicating localised anthropogenic impact within urbanised areas.
Concentrations of biogenic substances remain generally low, although variability is
observed at certain sites. Elevated nitrite levels have been recorded in the lower reaches of the
Kora and Shyzhy rivers (up to 1.23 and 1.02 mg/dm?, respectively), which may be associated
with episodic pollutant inputs and intensified nitrogen transformation processes.
Thus, during the summer period, a relatively stable hydrochemical regime is established,
albeit with the presence of local anomalies caused by anthropogenic impact
The data obtained in September 2025 are presented in Table 3.
Table 3

Results of laboratory analysis of water samples (13...14 September and 20...21 September 2025)

Detected chemical substances, mg/dm?
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Cation
Cu 1.0 0.003 0.001 0.002 0.001 0.002 0.0023 0.0021
Pb 0.03 0.004 0.002 0.003 0.001 0.0024 0.0026 0.003
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Zn 1.0 0.02 0.03 0.041 0.033 0.018 0.021 0.31
Cr 0.05 0.003 0.001 0.004 0.001 0.003 0.005 0.026
Cd 0.001 0.0005 0.0002 0.0004 0.0002 0.0003 0.0005 0.0004
Mn 1.0 0.01 0.03 0.05 0.02 0.02 0.03 0.033
Li 0.1 0.0004 0.0003 0.0005 0.0002 0.0003 0.0004 0.016
Sh 0.05 0.002 0.002 0.004 0.001 0.002 0.002 0.0022
Ba 0.1 0.002 0.002 0.004 0.001 0.003 0.005 0.004
Sr 7.0 1.20 2.27 2.33 2.17 2.23 2.25 2.24
Bi 0.1 0.003 0.004 0.006 0.002 0.005 0.006 0.007
Co 0.1 0.002 0.003 0.007 0.001 0.004 0.006 0.005
Na 200 9.23 11.11 12.3 11.12 121 12.18 11.45
As 0.05 0.003 0.003 0.004 0.002 0.004 0.004 0.003
Se 0.01 0.001 0.002 0.003 0.001 0.002 0.003 0.003
Ni 0.1 0.002 0.003 0.005 0.001 0.002 0.003 0.006
Al 0.5 0.001 0.001 0.004 0.002 0.004 0.004 0.005
Mo 0.25 0.001 0.003 0.005 0.001 0.004 0.003 0.003
Anion
Chlorides 350 38.4 38.9 39.2 36.0 375 38.2 37.8
Sulfates 500 44.2 44.23 4431 422 44.5 44.6 44.0
Ammonia 2.0 0.01 0.07 0.07 0.05 0.04 0.06 0.05
Nitrates 33 0.016 0.021 0.23 0.013 0.018 0.021 0.021
Nitrites 45.0 0.02 0.08 0.08 0.07 0.09 0.09 0.08
pH 7.5 7.7 7.8 7.5 7.5 7.7 7.8
CoD 15...3 17.6 17.8 18.3 173 174 17.7 17.3
0

During the autumn period, characterised by a reduction in discharge and a weakening of
glacial feeding, the reaction of the aquatic environment remains neutral to slightly alkaline (pH
7.5...7.8). Chemical oxygen demand values vary within the range of 17.3...18.3 mg/dm? and are
comparable to those recorded in summer.

The ionic composition of the water remains of the sulphate—chloride type [23]. Chloride
concentrations show a slight increase (up to 39.2 mg/dm?), while sulphates vary between 42.2
and 44.6 mg/dm?®. A minor rise in sodium content (up to 12.3 mg/dm?3) is also observed, which
is associated with the reduced dilution effect of river discharge.

The concentrations of heavy metals and trace elements remain below maximum
permissible limits; however, a moderate increase in several elements (Zn, Cr, Mn, Co, Ni, Sr) is
recorded, particularly in the lower reaches of the rivers. In contrast to the summer period,
anomalously high copper concentrations are not observed, and its levels stabilise at background
values.

The concentrations of biogenic substances remain generally low; however, an increase in
nitrate content (up to 0.23 mg/dm?) is noted, which may be associated with inputs from surface
runoff. At the same time, nitrite concentrations decrease to 0.08...0.09 mg/dm?, indicating the
stabilisation of biogeochemical processes.

Overall, the autumn period is characterised by a more stable hydrochemical regime and
the absence of pronounced anomalies.

A comparative analysis of the July and September observations indicates that, while the
general water type and acid-base conditions are preserved, differences are evident in the
dynamics of trace elements and biogenic components. The summer period is characterised by
greater variability and the presence of local anomalies associated with intensive glacier melting
and enhanced surface runoff. In autumn, the chemical composition becomes more stable against
the background of reduced water discharge.

A common pattern for both periods is the increase in the concentrations of most
components downstream [25...26], reflecting the growing anthropogenic influence, particularly
within urbanised areas, including the vicinity of the city of Tekeli [27...28].

Thus, the hydrochemical regime of the rivers in the Karatal basin is shaped by a
combination of natural and anthropogenic factors, with glacial feeding and the transformation of
runoff along the flow path from high-mountain regions to zones of economic activity playing a
dominant role [29...31].
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The obtained results reflect the interrelationship between natural and anthropogenic
factors in shaping the hydrochemical composition of glacier-fed river runoff within the Karatal
River basin [16...17]. The morphological structure of glaciation and its altitudinal position
within the range of 3,300...4,000 m determine the role of glaciers as seasonal regulators of
runoff: peak discharges of the Kora and Shyzhy rivers occur during the May—August period,
when ablation processes intensify and the inflow of meltwater increases.

The geochemical characteristics of waters in the upper reaches primarily reflect the
influence of natural factors [18], notably the weathering of rocks and the lithogeochemical
background of the ablation zone [29]. Elevated concentrations of certain elements in samples
associated with glacial headwaters may be attributed to the dissolution and migration of rock and
moraine material components during the interaction of meltwater with unconsolidated deposits.
An additional source of substances is atmospheric dust and aerosols, which accumulate on the
surface of snow and ice and are subsequently incorporated into meltwater.

A comparison of upper sections of the river network with samples from the middle and
lower reaches reveals divergent trends in the concentrations of chemical components [17].
Within transit reaches, some elements may decrease as a result of sorption and precipitation
processes on alluvial channel deposits, forming zones of accumulation [24]. At the same time,
an increase in the concentrations of a number of components is observed in the lower reaches of
the Karatal River, indicating additional inputs associated with anthropogenic impact [27...28].
This may be linked to the influence of settlements, transport infrastructure, and economic
activities.

From an environmental perspective, it is important to note that the concentrations of most
monitored components in the analysed samples do not exceed current sanitary standards.
However, the presence of spatial differentiation and localised increases in certain parameters
indicates the need to consider potential cumulative effects. Bottom sediments may act as
secondary accumulators of substances and, under changing hydrological conditions, may be
remobilised into the aquatic environment.

A comparison of the obtained data with the results of previous glaciological studies
suggests that changes in the state of glaciation may influence both the hydrological regime and
the conditions governing the formation of water chemistry. In this context, regular water quality
observations combined with monitoring of glacier systems are of particular importance.

The practical significance of the results lies in substantiating the need for the
establishment of comprehensive monitoring within the Karatal River basin, including seasonal
water sampling, control of the main chemical components, and consideration of both natural and
anthropogenic factors influencing the formation of water quality.

4. CONCLUSION

Geochemical analysis of water samples revealed the presence of ions of heavy and rare
metals (Pb, Cd, Zn, Cu, Cr, Mn, Sb, Sr, Se, Ni, Al, Mo, etc.), as well as major anions and biogenic
components, in glacier-fed river runoff. In the upper reaches associated with glacial sources, the
chemical composition is characterised by a combination of naturally determined concentrations,
formed through the weathering of rocks and the migration of elements within the ablation zone,
together with the possible influence of atmospheric deposition of aerosol particles on the surface
of snow and ice.

As water flows downstream, changes in its chemical composition are observed:
concentrations of certain components decrease as a result of sorption and precipitation processes
on channel sediments, whereas in the lower reaches an increase in the concentrations of specific
substances is recorded, indicating additional anthropogenic inputs associated with economic
activity within the basin.

Overall, the concentrations of most potentially toxic components in the analysed samples
do not exceed the current sanitary standards of the Republic of Kazakhstan. At the same time,
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the identified spatial variability in water composition highlights the need to consider potential
accumulation processes and the secondary mobilisation of substances from bottom sediments.

A comparison of the obtained results with data from previous glaciological studies
suggests that changes in the state of glaciation may influence the conditions governing the
formation of water chemistry, particularly during periods of intensive melting.

The practical significance of the study lies in substantiating the need for the establishment
of a comprehensive monitoring system in the north-western part of the Karatal River basin,
including remote sensing of glaciers, seasonal water sampling at reference cross-sections, and
extended hydrochemical analysis. The implementation of such a system will enable the timely
detection of changes in water quality, the assessment of environmental risks, and the provision
of scientific support for the protection of mountain catchments in the Zhetysu Alatau.
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TYWIH CO3/IEP

ABCTPAKT

Iexer  ©3cHi, Kopa e3eHi,
Mysaeikrap, XKericy Anaraysl
(XKonrap Anataybl),
MY3IBIKTap/AblH ACTPagalysChl,
aybIp MeTajjiap, ©3¢H arbIHBI,
AQHTPOIOTEH/IIK JIacTaHy,
Kaparain e3eHi ana0b

Maxkanana Kaparain e3eni ana0siabiH (JKeticy AnaTaybsIHBIH CONTYCTIK-0aThIC 06JIiri,
KasakcraH) MY3IBIKIICH KOPEKTCHETIH ©3€HIEPIHICTI CYy CamachIHBIH KEHICTIKTIK
JKOHE MAaYCBIMIBIK ©3repicTepi KapacThIphUIFaH. 3epTTey HBICAHAAPBI pPETiHEe
Kaparai e3eHiHiH aFbIHBIH KQIBIITACTRIPaThIH Kopa sxoHe [1IbIKbI 03¢HIep1 abIHIbL.
Hananeik 3eprreynep 2025 KpUIbI KYPTi3LIiN, YATi aly eki Ke3eHae (IIijijge skoHe
KBIPKYHEK) Ky3ere achIpBULABI; KAl ©3CHICPAIH JKOFApFbl, OpTa JKOHE TOMEHTI
arpicTapbiHad 30 cy ynrici ambHIBL [HIPOXMMHUSIIBIK Tangay HOTIDKENepi cyna
HETi3r1 MOHJAP/IbIH, OMOTEHIIK KOMIIOHEHTTEP/IiH XoHe MHUKpodseMeHTTepAiH (Pb,
Cd, Zn, Cu, Cr, Mn, Sb, Sr, Se, Ni, Al, Mo) 6ap ekenin kepceTTi. JKoFaprbl arpIcTapia
Cy KYpaMBIHBIH KQJIBINTACYbl HETi3iHEH TaOufru ¢akTopiapMeH — Tay
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KBIHBICTapBIHBIH YT1UIyIMEH, €pireH My3/bIK CyJapblHbIH MOPEHAJIBIK MIOTiHIIEpMEH
@3apa OpEKETTeCYIMEH J>KOHE MY3IBIK OeTiHAe a’po30JIbAEpIiH aTrMocdepabik
KMHAKTATYbIMEH OalNaHBICTHI €KEHI aHBIKTalAbl. ©O3¢H OOWBIMEH XHMHUSUIBIK
KYPaMHBIH €Ki OaFbITThI INHAMUKACKI OaliKana bl: Oip yKaFbIHaH, COPOIMS XKOHE TYHY
npouecTepine OailIaHbICTBI KEHOIp KOMIIOHEHTTEPAIH KOHIIEHTPALUSIChI TOMEH ISH I,
eKIiHII >KarbIHAaH, aHTPOIIOTEHAIK ocep OaifKaylaThIH ydacKeleple ONapIblH apTyhl
Tipkeneni. 3epTTeireH ViriIepAeri XUMHSIIBIK 3aTTapIblH KOHIEHTpAIHIaphl
Kaszakcran PecryOnuKkachIHBIH —KOJNIAHBICTAFBl CAHUTApJIBIK HOPMaTUBTEpPiHEH
acnaidnel. COHBIMEH KaTap, My3/AbIKTapIbIH Aerpalallisichl KapKBIHABI epy Ke3eHIHIe
JKUHAKTAJFaH JacTayIlbl 3aTTApAbIH OOcall MIBIFYBIH KYIICHTYI MYMKiH. AJIBIHFaH
HOTIDKEJIEp Cy CalachlH Oarajay J>KOHE OSKOJOTHSUIBIK TOYEKeNAepAi TOMEHHACTY
MaKCcaThIH/a MY3/BIKIIEH KOPEKTEHETIH ©3€H JKyhellepiHae KeIleHIi MOHHTOPHHT
KYPri3yAiH KaKeTTUIIrH Heri3aei .

W3MEHEHWS 3ATPASHEHNA BOJbI B PEKE KAPATAJI B IEPHOJ
COKPAHIEHUSA JTEJHUKOB B bBACCEMHAX PEK HIBI’KbI 1 KOPA

bepuxxan K. OkcukOaeB kaHAuAaT OMOJOTMYECKHX HAyK, aCCOMMHMPOBAHHBIN mpodeccop, Epkun A.
TokmanoB kKaHaUIAT reorpauuecKkux HayK, acCOIMHPOBAaHHBIA mpodeccop, Mreip3abait A. J[xeTnuMoB
KaHIuAaT TexHu4Yeckux Hayk, Epman C. AHpacOaeB* NOKTOp TEXHHYECKHX HAyK, acCOLUHPOBAHHBIH
npodeccop, Janaryas M. Mykarresa PhD

Kerwicyckuii yausepcuter um.M.XKancyryposa, r. Tangeikopran, Kasaxcran; berikjan-kil@mail.ru (BKO), tokpanov60@mail.ru (EAT),
make._d_61@mail.ru (MAJT), andasbayev.ya@gmail.com (ECA), danagul.mukasheva.84@mail.ru (AMM)

* ABTop Koppecnonzent: Epnan C. Anmac6aes andasbayev.ya@gmail.com (ECA)

KJIIOUEBBIE CJIOBA

ABCTPAKT

pexa lepker, peka Kopa,
Jlennuxu, XKetbicyckuii Anaray
(HdxyHrapckuit Amnaray),
JieTpaanus JICITHUKOB,
TSDKENbIE  METaJUIbl, PEYHOU
CTOK, aHTPOIIOTeHHOE
3arpsisHeHue, OaccelH  pekH
Kaparan

Ilo cTaTbe:

[omyueno: 27.03.26
[epecmotpeno: 01.04.26
[punsTo: 09.06.2026
Ony6mukosano: 01.10.2026

B crarbe paccMOTpeHBI POCTPAHCTBEHHBIE U CE30HHBIE U3MEHEHHSI Ka4eCTBa BOJIBI
B JICIHUKOBO-TIMTAeMbIX pekax Oacceiina Kapatan (ceBepo-szaman JKetbicyckoro
Anaray, Kazaxcran). O0bexTamMu nccnenoBanus siBisuinch peku Kopa u Lboksr,
¢dopmupyrome ctok peku Kaparan. IloneBeie mccienoBaHus mpoBeaeHsl B 2025
TOJy ¥ BKITIOYAJTH JiBa dTama oTOopa mpod (Mioiab U CeHTIO0pE), Bcero otodpano 30
nmpo®0  BOABI B BEpXHEM, CpeIHEM M  HIDKHEM  TEYEHHAX  peK.
I'mapoxumudecknii aHaIN3 BBISBWII NPUCYTCTBHE OCHOBHBIX HMOHOB, OMOTCHHBIX
KOMIOHEHTOB ¥ MuKpo3ieMeHToB (Pb, Cd, Zn, Cu, Cr, Mn, Sb, Sr, Se, Ni, Al, Mo).
YcTaHOBIIEHO, YTO B BEPXOBBSIX COCTAB BOABI ONpPEAEISETCS NPEHMYIIECTBEHHO
HOPUPOJHBIMU (aKTOpaMH — BBIBETPHBAHHEM TOPHBIX MOPOA, B3aUMOjEHCTBHEM
TaNbIX BOJI C MOPEHHBIMH OTJIOKEHUSAMHU U aTMOCPEPHON aKKyMyJISLIUEH adpo3oieid
Ha TOBEPXHOCTH JIEHUKOB. BHHM3 10 TeyeHuio (uKCUpyeTcs AByHanpaBleHHAs
JMHAMMKA: CHM)KEHHE KOHIIGHTpALWil psiia KOMIIOHEHTOB BCIICACTBHE COPOLMHU U
OCAXICHUS, @ TAK)KE MX YBEJIMUYEHNE Ha YUaCTKaxX C aHTPOIIOI'CHHBIM BO3/ICHCTBHEM.
KoHleHTpalin XMMHUUYECKHX BELIECTB HE MPEBBINIAIOT CAHUTAPHBIE HOPMATHBBI
Peciyommkn Kazaxcran. OpHako jgerpajganusi OJNEACHEHHS MOXKET YCHIIMBAaTh
BBICBOOOXK/ICHHE HAKOIUICHHBIX 3arps3HSIONIMX BEIIECTB B MEPHOJ MHTCHCHBHOTO
TastHus. Pe3ynbraTl 000CHOBBIBAIOT HEOOXOAMMOCTh KOMIUIEKCHOTO MOHHTOPHHTA
JIeTHUKOBO-PEYHBIX CUCTEM JJIs OLIEHKH Ka4eCTBa BOBI M CHIIKEHHS SKOJIOTHIECKUX
PHCKOB.
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